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(57} An article of manufacture fe disclosed compris- 
ing an electrochemical cell having a positive electrode, 
an abcorber-eeparator and a negative electrode 
wherein at least one of the electrodes or abeorber-sep- 
erator comprises a porous pdyvlnylldene fluoride. The 
porous polyvlnylidene fluoride electrodes tiave an elec- 
trode material combined therewith, end the porous pol- 
yvinyHdene fluoride absorber -eeparator has mn 
electrolyte material combined therewith. 
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Description 

BACKGROUND OF TUP INVENTION 

a ES^MLotibfl lnvarrton 

The field of the invention 18 electrochennteal ceils having electrodes and en absorber-separator wherein at least on* 
of the electrodes or the absorber-separator is constructed of a porous synthetic polymer, the electrode materials having 
electrode material combined therewith and the absorber-separator having an electrolyte combined therewith. 

10 

DflflnrWInnof RglfltrtM 

Guyomard and Taraecon, In an article "flocWrig-Chalr or Lithium- Ion Rechargeable Uthlum Batteries," Adv. Mater. 
1 694, 6, No. 5. pp. 408-1 2, describe a new lithium polymer electrolyte rechargeable cell and review the recent advances 
15 in the field of LHon rechargeable batteries* 

Early lithium batteries used an IntercaJ etton material as a positive electrode which had the ability to reversibly incor- 
porate lithium lone In Ita structure. The intercalation material aometfmee la referred to ae a "lithium sponge." The inter- 
calation material was employed a* an anode whereas the cathode consisted of lithium metal, the two electrodes being 
separated by a conductive electrolyte, The Intercalation material consisted of layered chalcogenidee such as titanium 
to disulfide but more recently, oxfdes have been studied which allow higher nporetlng voltages and higher specific ener- 
gies. 

Although primary lithium callB have been commercialized, secondary lithium cells have encountered problems aris- 
ing from the use of lithium metal and a liquid organic electrolyte primarily because of dendritic regrowth of lithium on the 
anode upon cycling which short circuits the cell. Elimination of the problem associated with lithium metal dendritic 

26 growth is now possible by employing a material able to intercalate lithium ions neverelbly at very low voltages, leading 
to the so-called "lithium-Ion," "rocWng-chalr," or "swing" Ithlum rechargeable batteries. These lithium cells operate on 
the principle that they contain not lithium metal, but Uthlum tons which are rocked back and forth between two Interca- 
lation materials (the two Ithlum sponges} during the charging and olscharging parte or tie cycle. One electrode material 
Intercalates lithium ions, the positive during discharge and the negative during charge, while the other one deinterca- 

so lates lithium at the same time. Accordingly! the lithium ion that cycles In the ceil must ba Initially present In the structure 
of one of the electrode materials. 

The rocWng-chetr approach has been posstoie only since about 1990 because of the previous lack c* suitable 
reversible negative electrode materials. It was only after the discovery of some forme of carbon as lithium reversible 
intercalation materials that lead to the employment of carbon UC0O2 by Sony Energyteo Inc. and carbon UNiOg by Moll 

aa Energy Ltd. Bellcore also developed s rechargeable battery based on carbon U k Mn 2 p 4 at about the same time. Sea, 
Tarascon and Ouyomard. .1 Fi^m^iAm. arm. 1991, 138, 28S4. 

The rocking chair battery can be represented in terms of the tallowing chain: Mi/composite positive electrode 
(CR)/electrolyte (Eiycompoelt© negative electrode (CNEWg. where OPE and ONE are a mixture of the active material, 
carbon black and an organic binder, El le an electrolyte consisting of a mixture of several organic eotvente and one or 

40 several lithium salts, and M 1 and M2 are the external current collectors for the poeltfve and the negative electrodes 
respectively. Complete chemical and electrochemical compatibility between all the elements In the chain Is rsquired. 

Each half-call, i.a, M n OPE El and rVVCNE SI, first has to be optimized against a pure lithium metal electrode, 
which acts as a reference (constant voltage) electrode, in the final rocking-chair cell, the mass of the poahfve and neg- 
ative electrode materials hae to be balanced to give the same capacity for lithium delntercalatlon from the CPE and lith- 

46 I urn Intercalation In the CNE processes that occur at the same time when the rocking-chair ceD is being charged. 

One of the difficulties thai occurred In rocWng-chalr cells was electrolyte oxidation during the charge cycle which 
became a more serious problem with Increasing operating temperatures. Electrolyte oxidation leads to IrreversHe 
ioeBse In capacity because of the generation of chemical species that deposit as an insulating layer on the electrode 
surface or evolve ae a gas, thus increasing the Internal pressure in the cell, Electrolyte oxidation is the main failure 

50 mechanism for this cell technology, 

Bellcore recently developed a series of new ethylene carbonate (EC), dimethyl-carbonate (DMC), UPF 6 -based 
electrolyte compositions that are stable against oxidation and high operating temperatures and have been effectively 
used in a cell containing a carbon Li x Mng04 electrode, where x is 1 or 2. Other electrolytes that have been developed 
In this regard include LIAsF* UCIO4, UN(CF 3 802)2. LiPF 4 . UCF 0 SOg and LISbF fl . It w*a found that these electrorytes 

m and especially UPF e are compatible with carbon UNI0 2 and carbon UCo0 2 electrode materials as well In nocklng-chair 
cell applications, 

Prior to the introduction of carbon UJU|rv0 4 , It was found that the time needed to discharge the rocttng-chair cell 
ie shorter than the charge time by a factor of about 26% which le due to the carbon electrode where electrons are irre- 
versibly consumed during thef irsl lithium intercalation by side reactions at the surface of the carbon grains. About 25% 
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of the total lithium ic trapped in a superficial layer find cannot be cycled in the cell anymore. It woe found that {JMt^p 4 
material Intercalates reVeralbly one extra lithium per formula unit, leading to the composition UgMnaO*. Thus It can be 
seen in the foregoing formula that x has a value of 1 or 2, and the excess lithium in the permanganate Is used to com- 
pensate exactly the capacity lost on carton during the first charge of the cell. Thle principle of the use of an extra lithium 

s reservoir results In an Increase of the specific capacity and energy of the system by about 10% which te not possible 
with the UCoOz end LiNi0 2 carbon materials for which no air-stable higher Ihhlum compositions are poeett*. 

Another factor which further advanced development of rocking-chair cede was the use of a petroleum coke (a dis- 
ordered graphits) as the cwbon materiel In the negative electrode, which Intercalates one lithium for twelve carbon 
atoms. ThhB corresponds to about half the theoretical capacity of graphite In which the maximum lithium composition la 

io uc e . Recently, It wae discovered that graphite can now be used with e true capacity corresponding to about 0.9 U per 
6 carbon atoms at cycling rates of one hour. fiaa, Tarascon and Guyornord, Eiaetro. Cham, Acta 1893, 36, 1221 . The 
capacity Is then almost doubled and ihe average voltage Is reduced by about 03 vote compared to coKh. Replacing 
coke by graphite In rocking-chair sells will result in an increase of specif la energy by about 30%. 

The use of llthlum-lon cells In which both electrodes comprise Intercalation materials such oa lithiatsd manganese 

15 oxide and carbon ens further described by la/aecon In United States Patent No. 6.196.279. Guyomard and Taraacon, 
J. aadmham Sflfii Vol. 140. No, 1 1, November 1983. pp. 3071-81 further describee these rocking chair rechargeable 
batteries, 

Tho separator or abeorber*eeparator In the oell which le poettionod In between and abutting the two electrodes 
presents some Important considerations In construction of the cell. For example, the conductivity of the material In com- 
as binetion with the electrolyte should be sufficiently high eo so not to Impede the efficiency of the cell. Tsuchida et at.. 
EtpntrtMfrftiniflft Acta. Vol 28, 1983, No. 5. pp. 591-96 and Na 6. pp. 833-37 Indicated that polyvlnytldene fluoride com- 
positions were capable of exhibiting ionic conductivity above about lO* 6 S/am only at elevated temperatures, reportedly 
due to the (nabBity of the composition to remain homogeneous, Le,. free of salts and polymer crystallites, at or below 
room temperature. Enhanced ionic conductivity wae obtained by Tsuchida and hie coworkers, however, by incorpora- 
te tfon of lithium salts and solvents that were compatible with both the polymer and eaft components. 

Accordingly, as can be seen from the foregoing references, the selection of the polymer employed in the rocking- 
chair cell has to be made to enhance ionic conductivity, end compatibility wrth the lithium salts and solvents employed 
as the electrdlyta 

Lithium Ion access to the surface of the active material is an important consideration in designing these types of 

so cells, rf the polymer coats the surface of the active materials, while stll allowing lithium ion passage through It, then 
Interaction of the electrode active materials with the electrolyte solution is minimized which Is an additional benefit 

Qozdz et al., U& Patent Na 6.296,318, describe a rocWng-chalr cetl utilizing a potyvlnylldene fluoride copolymer 
In the fabrication of the electrodes and tho absorber-separator which contains the eteotrolyte. A rechargeable battery 
based on lithium intercalation compound elect rodee end an Interposed electrolyte flexible polymer containing a lithium 

as salt dissolved in a polymer-compatible solvent is disclosed. The polymer comprises a copolymer of vinylidene fluoride 
and 8 to 25% of hexafluorcpropylene. 

In a specific example, the absorber-separator Is based on an ethylene csrbonate:propylene carbonate solution of 
LIPF 6 In an 63: 12 vinylidene fluoride hexafluorcpropylene polymer whereas the positive electrode Is based on this pol* 
yrner In combination with 88 carbon black UMn a 0 4 and UPF* further in combination with an aluminum metal lead 

*o attached to it The negative electrode was based on the same potyvlnylldene fluoride copolymer in combination with 
powdered petroleum coke, 88 carbon black and the same UPF e dsctrolyte in ethylene carbonatepropylene carbonate 
solvent The negative electrode In turn was connected to a copper metal lead. 

Menaeeen et el. "A Polymer Chemist's View On Fuel Cell n^nvin* « p^n^ing fx t>i B a4ih international Power 
Source Symposium. June 25*28, 1990, pp. 408-10. studied potyvlnylldene fluoride binders In fuel cell electrodes end 

49 made a comparison to polytetrafluoroethylene (PTFE) sintered electrodes. It wee noted that wrth polyvinyfidene ffuorlde 
electrodes using the phase-in version method that contrary to the classical electrodes, where the active material 
resides In little Islands between the sintered PTFE particles where the surfeoe area of the carbon le of prime impor- 
tance, much larger pores were obtained with potyvlnylldene lluoride whose wails ware made up of a composite polymer 
with carbon particles In a continuous polymeric matrix. 

eo Accordingly. It would be an advantage to provide en electrochemical cell having electrodes and an absorber-sepa- 
rator that would make the utilization of the aoHve material more efficient 

Additionally, It would be on advantage to provide segregation of en active composite polymer on the surface of 
active pores in a porous and especially a porous electrode and/or absorber-separator which could allow for varying the 
amount of the polymer In the electrode or absorber-separator In order to obtain increased strength with minimum effect 

85 on cell performance. 

These advantages would especially be valuable In very thin flexible secondary or rechargeable batteries that are 
currently being produced for consumer electronic products. 

It would also be advantageous to provide a rechargeable cell, and especially a lithium rocking-chair type of battery 
that would readily lend Itself to ease of fabrication from polymeric materlala that could be either formed from solution, 
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or by extrusion and which could be readily enveloped or packaged in *n enclosure by fusion or heat lamination tech- 
niques. 

Accordingly, the present Invention Is directed loan article of manufacture comprising an electrochemical call thai 
substantially obviates one or mora of these and other problems due to llmrtattone and disadvantages of the related art. 

8 

Summary of Invention 

These and other advantages are obtained according to the present Invention. 

Additional features and advantages of the invention will be set forth In the description which follows, and In part will 
w be apparent from the description, or may be learned by practice of the Invention. The objectives end other advantages 
of the Invention will bo reafized and obtained by the article of manufacture particularly pointed out In the written descrip- 
tion and claims hereof as wall as the appended drawings. 

To achieve these and other advantages and In accordance with the purpose of the Invention, as embodied and 
broadly described, the Invention comprises an electrochemical cell having a positive electrode, an absorber-separator 
7f> sometimes referred to as a solid electrolyte, and a negative electrode wherein at least one of the electrodes or the 
absorber-separator comprises a porous polyvlnylldene fluoride, the porous polyvinylidene fluoride electrodes having an 
electrode material combined therewith and said porous polyvinyfldene fluoride absorber-separator having an electrolyte 
material combined therewith, 

The porous polyvinyls one fluoride of the Invention comprises an open ceil porous structure or a closed cell porous 
ao structure, or mixture* thereof, but preferably an open ceo structure. Microporous polyvinylldene fluoride materials are 
especially suitsbis. 

The celt diameter, or the openings, or interstices In the poroue poiyvinyfidene fluoride matrix may be anywhere from 
about 0.01 to about 100. particularly from about 0.1 to about 10, and especially from about 0.1 to about 1.5 microns in 
diameter. The openings of the microporoue polyvinylldene fluoride matrix, falling within the above range IB anywhere 
2* from about 0.05 to about 25, and especially from about 0. i to about 0.5 microns. 

The electrode or electrolyte materials that are combined with the porous polyvinylidene fluoride are defined herein, 
and it ie intended that this combining includes placement of these materials on the exterior and/or interior surfaces of 
the poroue polyvinylidene fluoride ae well as forming a substantially homogeneous or heterogeneous mixture of these 
materials In the porous polyvinylidene fluoride. 
so Tha porous polyvinylidene fluoride may be a solvent cast polyvinylidene fluoride, an open cell polyvinylidene fluo- 
ride foam or a sintered polyvinylidene fluoride powder. 

The polyvinylidene fluoride polymer may comprise either a homoporymer or copolymer, wherein the copolymers 
are either heterogeneous or homogeneous copolymers of vlnylidene fluoride and haxafluoropropyieno, or tstrerfluor- 
oethylene, or both, but espedaDy hexaf iuoropropytene, whsre the comonomer ie present from about 7 to about 26% by 
36 weight. 

The electrochemical cell of the Invention preferably comprises a rechargeable lithium Intercalation battery referred 
to sometimes ae a rockfng-ctmlr battery as described specifically herein. 

The use of homogeneous copolymers for the manufacture at the electrodes end electrolyte matrices Is especially 

preferred. 

40 The electrochemical cell can be enveloped in polyvinylidene fluoride especially a homopolymer of polyvinylidene 
fluoride. One method of encapsulating the electrochemical ceil is to heat seal It to the encapsulating material which In 
one embodiment may be In the form of a film or plurality of films. 

One advantage in using the homopolymer is that It Is not soluble In the same variety of solvents as the copolymer 
but nonetheless can be thermally bonded 1o H. Accordingly, the homopolymer can be used as a barrier to prevent sol- 

45 vent-cope lymer mixtures from being exposed to sources of contamination by the simple expedient of heat bonding the 
homopolymer to the copolymer that contains solvents employed In the electrochemical cells described herein. 

In another embodiment, the polyvinylidene fluoride la produced either by an emulsion or a suspension polymeriza- 
tion process, especially an emulsion polymerization process end comprls es an exceptionally high purity polymer I.e. a 
polymer with trace amounts of Impurities i.e., Impurities Inihs ppb (parts per billion) range. 

so In an especially important aspect, the adhesion of the PVDF electrode fflms to the metafile conductors may be 
enhanced by incorporating a small amount of another compatible polymeric material. Polymethyl methecryiato and 
other acrylic polymers are well known to exhibit compatibility with PVDF end function aa an adhesive In coatings. Poly- 
mere and copolymers based on acrylic acid, methacrylio acid and the low molecular weight alkyl esters thereof, where 
the alkyi moiety has from 1 to about 4 carbon atoms may be used in this regard and will be referred to herein as acrylic 

53 polymers, alt of which are well known In the art. Anywhere from about 0.1% to about 50% by weight and especially 
about 0.2% to about 40% by weight and preferably about 1% to about 10% by weight of the acrylic polymer may be 
added to the polyvinylidene fluoride to form a blend therewith. espedaBy a substantially homogeneous blend. 

The polyvinylidene fluoride electrodes or absorber-separator or encapsulating material may also be cross-linked 
especially where the cross*llnWng is effected by irradiating the polyvinylidene fluoride with a high energy electron beam. 
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The polyvinyl idene fluoride may be either In the alpha, beta or gamma configuration: however, the beta configura- 
tion is preferred to enhance ionic wrt^|vH^ ^ t ^ . , ^ 

lastly, the polyvinylidens fluoride used to encapeulate the elaotroohemical call may contain a high energy radiation 
attenuator such as boron trlnltride or gadolinium salts. 
s it la to be understood that both the foregoing general description and the fotowing detailed description are exem- 
plary and explanatory, and further, tha following description 1b Intended to provide a mora detailed explanation of the 
Invention as claimed, 

Bill DttfifjBtoD P f «™ P"iwtnti 

10 

The accompanying drawing, which le Incorporated In and constitutes a part of this specification, illustrates embod- 
iments of the Invention, and together with the description, serves to explain the objects, advantages and principles ol 
the invention, In the drawing, Fig. 1 to a cross-eeotion of an electrochemical cell In accord with the present invention. 

16 Detailed Description 

The electroch amlcei cells of the present invention are based on a positive electrode, an abeorber-aeperator some- 
times referred aa a solti electrolyte and a negative electrode operatrvely associated with one another when at least one 
of the electrodes or the absorber-separator, and preferably both electrodes and the absorber -separator comprise a 

so porous polyvlnyndene fluoride wherein tha porous pofyvinyiidene fluoride electrodes have an electrode material com- 
bined therewith and the porous polyvinylidene fluoride absorber-separator has an electrolyta material combined there- 
with. A plurality of electrodes and absorber separator elements can be used In the cell structure In order to Increase the 
voltage, and/or amperage of the combined elements In a manner well known In the art. 

Poryvtnylldans fluoride having an open structure for porostty provides ehhenced electrolyte mobflrty in combination 

s» with the intrinsic Ionic conductivity effects of tha polymer. Porous polyvtnyiidene fluoride electrode or separator- 
absorber combined with electrode or aiectrotyta materials at the surface of the pores of the porous polymer make the 
utilization of the active material, whether electrode material or electrolyte material more efficient and provide a method 
for the easy manufacture of more efficient electrodes and separator-absorber structures. 

It is also believed that the segregation of the active materials on the surface of active pores will allow tor varying the 

ao amount of binder in the elecfrods or the separator-absorber to enhance strength with rrtnimurn effect on celt perform- 
ance. The electrochemical cells formed in this way therefore will have improved mechanical properties and can be 
made to be Belt-supporting i.e., secondary reinforcing structures do not have to be employed such as a metal or other 
conventional battery casing material. 

This also leads to ease of fabrication where the electrochemical ceil is enveloped or enclosed in a pcryvlnylldene 

ss fluoride which will adhere to the porous electrodes and/or the absorber-separator structures. Adhesion can be obtained 
by elrrple heat bonding or rf welding or other similar processes well taown In the art. Adhesrvee are not required, but 
importantly, the exterior part of the eleotroohemJcal cell (Ue., the envelope) Is of the earns type or substantially the asms 
type of material ss the electrodes and absorber-separator thereby simplifying and reducing the cost of manufacture in 
that only one type of material Is used for the structural components of the cell aa compared to either conventional dry 

40 ceil or secondary cell construction. 

Polyvinylidene fluoride absorbs rf frequency and may also be heated by dielectric techniques. Heat guns may also 
be used far sealing pelyvtnylldena fluoride surfaces under pressure. Welding rods may be also be employed to heat sea) 
two pieces easily as is done in the fabrication of larger polyvinylWene fluoride structures. The joints obtained are usually 
as strong as the basic resins employed. Because polyvinyls ene fluoride polymers are abrasion resistant and tough as 

47 well as chemical resistant, they are useful In the internal and external element of the battery and, as noted previously, 
can be assembled by non-adhesive means by heat bonding. 

By selecting por/vlnylldens fluoride polymers that are either extremely flexible or somewhat rigid, str uctures can be 
fabricated that are in turn either flexible or somewhat rigid, Further In this regard, enhanced rtgldfty cen be obtained by 
cross-linking the polyvinylidene fluoride either chemically, but preferably by employing high energy radiation such as 

50 high energy (about 1 o to about 20 Mrad) electron beam radiation, with soma attendant dBhydrofluorination, The poten- 
tial benefit ie the stabilization of amorphous regions In the porous polyvinylidene fluoride copolymers, I.e. Inhibition of 
crystallization over time which la important since ionic conductivity of the electrolyte occurs primarily in the amorphous 
or open regions. 

As noted previously, pdyvinylWene fluoride por/msrs affect Ionic conductivity m a manner that makes them suitable 
65 for the fabrication of electrochemical cells 

Since mobility of charged species is required in electrochemical cells, the migration In polyvinylidene fluoride poly- 
mers win be through the amorphous phase. Depending upon the temperature, the chain conformations and motions will 
be en Important detriment to the transport kinetics, compounded further by any specific electrostatic effects due to the 
polar nature of the polyvinylidene fluoride chain. 
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In the trfcootsctric series, moot polymers stabilize electrons, Polyvinylidene fluoride, however. la unique In prefer- 
entially stabilizing poeHI ve holes and Is one of the most effective media in this regard, presumably due to the hifi hly neg- 
ative tfe/n-drfiiorocaibon group. 

in the special case of lithium Ion batteries Buch as the rocWng-chair batteries ae described herein, the high specific 
s charge and small Ionic sue of the lithium ion may lead to specific Interactions in the host polyvinylidene fluoride envi- 
ronment con ottering the extent of ma non-polerizable, negative pem-difluorocorbon groups available. 

Since conductivity le Inversely related to crysiallinity of the polyvinylidene fluoride polymer, it hae been determined 
that copolymers of vinylidene fluoride with about 7 to about 29% hexafroropropylene sufficiently reduces the or yetalllna 
structure of the polymer without sacrificing mechanical properties so thai acceptable ionic conductivity effects of the 
10 polymer can be obtained* Further in this regard, It Is believed that the different conformaDone of the polymer also atlect 
the conductivity of the overall electrochemical properties of polyvinylidene fluoride due to specif to lon-dipdo interactions 
of lithium cations and the gerrrfti luorocartxn dlpole groups of the polymer. 

Polyvinylidene fluoride homopolymera and copolymer* torm the etabfe alpha conformation which comprieee a 
chain structure In which the fluorine and hydrogen sUbeflluted carbons are alternating along the backbone. Mechanical 
rs orientation of solid polyvinylidene fluoride such ae film or fiber my produce the beta conformation whlbh crystallizes with 
ail lha fluorines on one face of the chain. The beta form la necessary to achieve ferroelectric actively by orienting all of 
the beta chains In the same direction to form a dipolar structure with net charge separation on the faces of the film. 
When cast from solvents, the gamma torm develops which Is a distorted version of the alpha form. Accordingly as used 
herein, the alpha term will refer to conformations that are entirely alpha, a mbdure erf alpha and gamma or entirely 
so gamma conformations. 

When employing polyvinylidene fluoride polymers In the manufactures of electrodes or absorber-separators, plae- 
ticizers such ae organic carbonates <e.0.« ethylene carbonate, propylene carbonate, dlmethylcarbonate and the like) ere 
utilized In order minimise the effect of the crystalline structure and promote Ionic conductivity, Other solvents or plael- 
cizers may also be employed Including diefhoxyethane, olethylcarbonate. dlmethoxyethane, dipropyl carbonate and 

ss mixtures thereof especially the two or three component mixturea 

Similarly, and in accord with the present Invention, the various porous structures, depending on the their tensile 
strength, can be mechanically oriented by stretching or the application of tensile forces In order to enhance the amount 
of beta conformation within the polymer structure and thereby possibly promote tonic conductivity depending upon the 
electrolyte and polyvinylidene fluoride composition. 

so Using solvent and non-solvent combinations, polyvinylidene fluoride resins ere cast in thin porous membranes. 
This method is described by Benzinger et al. In U.S. Patent No. 4,364,047 which le Incorporated herein by reference. 
The electrode materials or the electrolyte materials as described herein can be incorporated into the polyvfnylidenef lu- 
oiide solution prior to casting It into a film or sheet after which the solution ie converted to a porous polyvinylidene flu- 
oride membrane combined with the electrode or electrolyte materials. These films or eheete, either with or without the 

ss electrode or electrolyte materiale can be any where from about 0.26 to about 1 00, particularly from about 0.5 to about 
10. and eepedaly from about 1 to about 8 mils thick and are especially suitable for further treatment by stretching or 
the application of tensile forces In order to promote the beta conformation in the porous polyvinylidene fluoride. 

There are three classes of organic liquids, that may be used to make solutions or dispersions of polyvlnyiWenc flu- 
oride polymers. Active solvents ere those organic liquids that dissolve or swell polyvlnylldena fluoride aJ room temper- 

40 ature and typically consist of lower aikyl ketones, asters and amides. Latent solvents are these organic liquids that do 
not dissolve potyvlrwltdene fluoride et room temperature; however, wld dteaolve polyvinylidene fluoride at elevated tem- 
peratures and typically are medium chain length aKcyi ketones, esters, glycol ethers and organic carbonates. Non-sol- 
vents are organic liquids that do not dissolve or swell polyvinylidene fluoride up to the boiling point of the liquid or the 
crystalline melting point of the polyvinylidene fluoride, whichever condition is met first These liquids typically are aro- 

4s malic hydrocarbons, aliphatic hydrocarbons and chlorinated hydrocarbons or other chlorinated organic liquids. The sol- 
vents and latent solvents are used In the manufacture of the porous, and especially the mlcroporous polyvlnyiidanc 
fluoride films or eheete of the present invention. 
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Examples of these organic liquids «re given tn Tfeble I which follows. 



TABLE I 



LIQUIDS TO PREPARE SOLUTIONS OR DISPERSIONS OF PVOF 


ACTIVE SOLVENTS 


LATENT SOLVENTS fAPPROX CIS- 
SOLUTION TEMPERATURE IN °C 


NON SOLVENTS 


Acetone 


Butyro lactone (66) 


Hexana 


Tetrerrydrofufan 


teophorone (75) 


Pentane 


Methyl Ethyl Ketone 


Methyl leoamyl Ketone (102) 


Benzene 


Dimethyl Formamide 


Cyclohexanoni (7TJ) 


Toluene 


Dimethyl Acetamlde 


Dimethyl Phthaiate(iiO) 


Methanol I 


Teirarnethy] Urea 


Propylene Glycol Methyl Ether (115) 


Ethanol 


Dimethyl Sulfoxide 


Propylene Carbonate (60) 


Carbon Tetrachloride 


Trtmethyl Phosphate 


Dtacetone Alcohol (100) 


o-Dichlorobenzeno 


N-Meihyl Pyrrtfldone 


Glycerol Trlcetate (100) 


Trtahloroethylene 


The suitability of any given liquid depends upon the exact PVDF resin type and grade. 



Other methods have been developed for the manufacture of open eel foam porous polyvi ny lidene fluoride polymers 
which are formulated to contain chemical or physical blowing agents such as absorbed carbon dioxide. It Is preferred to 
use physical blowing agents in the manufacture of electrochemical ceils since trace amounts of the chemical blowing 
agents In the foam structure could adversely affect the functioning of the cell. Where carbon dtaxWe or comparable 

so physical blowing agents are employed, they era Incorporated Into the polyvlnylldsne fluoride at super critical pressures 
followed by heat treatment to expand the article thus produced. Open ceil films of varying thickness have been made in 
this manner with excellent mechanical integrity and which have specific gravities about one aa compared to solid pory- 
vlnylldenB fluoride which has a specific gravity of from about 1 .78 to about 1 .76. 

Similarly, por/vtnylldene fluoride powders can be sintered to form a porous structure by heating the powders In a 

a* non-solvent slurry, or under pressure between opposed platens, until the Individual particles sufficiently meH flow into 
one another to form the desired open cell structure. Other art Known methods for sintering powdered polymers such as 
PTFE tor forming open cell porous structures as described by Menassen et al. "A Polymer Chemist's View On Fuel Cell 
Electrodes," Proceeding Of The 34th International Power BOUIM Svmaosium. June 25-28, 1990, pp. 406-10 can also 
bs ussd. 

40 Polymers that may be used In the practice of the present Invention and their physical properties are set tenth in 
Tables II, III, and IV that follow. 

In Table III, unlmodal refers to a singe peak tn the chromatagrams. Bimodal refers to a chromatogram that shows 
inflections which are Indicative of two distinct polymer distributions having different peak molecular weights. 



eo 



SB 
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TABLE II 








KYNAR® MOLECUUW STRUCTURE (1) 


6 


GRADE 


REVERSE 
ADDITION 

(2) MOL.% 


%HFP 
MOL% 


(3)WT.% 












10 




1 1,7 


None 








I i »o 


1 vv* 1 V 






KYNAR® 600 


11.6 


None 




16 


KYNARG9 710 


10.1 


None 
Nona 

I'M IO 






KYNAR<&720 


9.9 


Nona 




*o 










KYNAP®74Q 


9.9 


1.0 

None 


2.3 




KYN AR<8> 2800 GL 




4.0 


8,9 


25 






4.5 


0 9.9 




KYNAR<8>2S0O RL 




4.4 
5.1 


9.7 
11.2 


3D 


KYNAR&2850 




3.2 


7.2 


KYNAR*2900 




5.0 


11.0 
11.2 




HFP - haxsfluoropropyKend 



$6 (1 ) Ruorir*-1 9 Nl»o! w MaflnaHq Rwonarwt (NMR) 

(2> HMd-Head, Taa-T&fl Structure - -CHaCFgCF^CHg- or 
CFflCHaCHsCFa- 

09) Standard Deviation - o.i - 0.5% 



40 



50 
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TABLE 111 



ic 



90 



KYNAR© MOLECULAR WEIGHT AND MOLECULAR WEIGHT DISTRIBUTION 

(D 


GRADE 


TYPE 


MELT Via 
(KP) 


Mn 


Mw 


Mw/Mn 


KYNAR® 460 


Bimodal 


29.2 


115.000 


572,500 


4.8 


KYNAR© 460 Black 


Bimodal 


25.3 


72,200 


373.600 


8.2 


KYNAR® 500 I 


Bimodal 


91.3 


101,300 


623,000 


5.2 


KYNAR^ 710 


Unlmodd 


5.3 


70,900 


177,100 


2.5 


KVNAR® 720 


Unlmodd 


9.7 


85,700 


244,800 


2.6 


KYNAR<»740 


Unlmodal 


16,8 


107,100 


275,900 


2.6 


KYNAR® 2800 QL 


Bimodal 


25.5 


129,800 


497,200 


3.8 






Bimodal 


25.5 


128,800 


385.100 


3.0 






Bimodal 


22,9 


83,700 


232,500 


3.7 


KYNAR<S> 2800 RL 


Bimodal 


23.8 


107,500 


371,900 


2.3 


KYNAR<H>2850 


Bimodal 


20.2 


108,000 


454,700 


4.2 


KYNAR*>2900 


Bimodal 


17.8 


118,600 


377,000 


3.2 


KYNAR«> 


781 


Unlmodal 




B4.D0O 


377,000 


4.5 




781 






145,000 


428,000 


2.9 


KYNAR® ADS 9300 


Unlmodal 


5.9 


35,600 


88,900 


2.5 


Mn - Number Average MoT Wt. 
Mw - Wtlghl Awragd Md. Wt 



(1) By Gel Par mention Chromatoyaphy (QPC) 

$6 

40 

46 



9 

PAGE 11/19 * RCVDAT 9/17/2005 9:19:08 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/24 * DNIS:2738300 1 CSID:7034918444 * DURATION (mm-ss):05O8 



Sep 17 2005 9a2 1PM _UIILLIRM H HOLT LRU OFFICE 7034918444 p. 12 

EP0 730 316A1 



TABLI IV. ULTRA TURfe tCYMW3®PVCT PVOF ORAOCfl FOA WHTWf AfPLIGATZCAS 



6 


EfflE ■ 


rat^oPfliaflM 


10 ! 


XYVASe* 481 fine **vdarj high rw, bro*4 m»d rerln, 
an 140- C. eolublc in »<«m«, Bulk eolutole in 
a« atone, bulk denalty 19 47«u. it 


kvkub rux 340i fin* aavdar / naouuB (t»v. bread <wd, 
1^ 141 ic, contAlne UP» oofadoanAr, tua tteut 444 
CUorixu ay voiefct fleam re 1 pwdulue x>,eoo pel, 
cryeeal Unity Above 40% 




mncMB <fo pelLetn derive* oy ««i, ha» 
brtAdUr ntrd clan 411, ery^vallijiity about 4*0 


KYVM0 PL83C 1431 or mi fina powder a i Lev breed 
nwd. «v »4S*fi, eentalaa BTF eoncnow. alwlla* 
propartleo CO 240 Lj 2121 


>5 


KtKJg* 741 /Til (AM PO«dm pad. hlflh « 
grade*, Mrrow n» &igh 
cxyacaUiMty At etruLUbrinv «i - «0T>, partial 
aolubkitty in ^ttAM, 33C.D00 pel flexuxal 
noduh^i, mo 'flufEler- 40L povd#r 

t 


KSrtAA* flAX 3411 ELM povdovi tola* pjv, O*oad (Mr 4, 
Bp 1A1-C, 4 vt,% HFP. 170, cpo pal Cleaairal 
oodulua no ra Like horroolyanrt* improved ecreaa 
oraclL ruiiLATK* ovar ttancpolyitara In equeoua 
qsuatle, vary eneoth etUtfeae ex&reaionr end aoldiiv* 


£0 


tHtt*f» 7*0 lelletai utmnlad Cum oC 741, 

■^ivttlent. in all xaicecta n»«( pnyaieal «om 


rtrWMA fill 3190. 14*01 4*SK*4*4 fieXTM Qfi 3IB1 4*4 

2441. «odl va lent in all raepevtr e*nepe> p&yelcaL town 


£6 


KVHN^ SOL wery fine pftvdevi ounLlac to 441 
AKoeft vllotatly ClCfwrtt iw *M *vd 


tnoujvS 7301 finfe aovdatfi 7Tl-eaeolyiatr, «p U«'C, lev 
MyacAlltoLty« wry rl*mikaa P aeLvbLliey v«ry 
41cr»«oti fraft KPP-COOoLyTWEl, k«4I, w cm in, 
l4>fc oryacaLllzilfty 




rtii/731 floe povlerai wry low end lev 
via coir Ley vinleu vlth ejeen&lally aame 

thAreaJta-iiitioa ti 14 1/76 L «xaapc Lever n** 

I 


nxu« 1301 Tina povdari TT1, KFf -CarpOiywir, ioo*c, vary 
•olu&i* compArad to othor roalaa. vary aet4 wd riraibla, 
lev a» rwin, lent cryatallLnity 


SO 


KTMJ^ 710/710 pelietei Efctruded 4ZCH 731/721 

povdjafca eaaetttially no deference in 
prepare ifi J avoese phyaLcal Coin 


KTiufl* ruat 4711 fine p«vaar< HLghAr Hyp eemant 

than liOl/oaai, n? 114*C, vary flnlble, Lft^ -a ream, 

vary lav eryatallialty 


33 


KwMp iatwx >a> ■MnfciftjLiy loir eMP#iia«i 
ALAbdjl4e«d ia&e* iB*a.fluw>ni«ieuflt at 
c-i^jtjiviiiY high imli) 


aa pevdar «r pvU.be vltK hi* lla*C »p but 
flexibility of rradon nrP*oepolyMrB aicve, 
profanlu alallar to ml*atc*+t aooici«a cAtimopliiCici 



140T1 1 Sobbev ^raOea ava-llabLa fro" oafAtacb** laoludo a nadiun viroalty loaon ^oalletal or VLD {tit* oo*derJ 

40 and loi vlaccilty jOrwXKS 4CQMD or VLP. A difffaranc probata la utilized la the laolatlon of chaae eradaa, 

nyp ■ Haxaf lueroflreeylanai T?B * TeorA44.uo»e«thyl«ia 



46 As noted before, me polyvinyl*)*"* homopoiymenB and copolymers of the present invention are especially suitable 
for the manufacture of porous matrices bacause of their purity as Indicated in TaUea A, B and C that follow. 



60 
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TABLE A 

Bulk Trvcm fttrrmnta of PVDF fethia 



to 



2d 



40 







4fiM 


74Ds3 


2«0P 


2SS0 


ZTSQ 




I.OM 


r.Off 




am 


0.9*$ 


0.96* 


£J*m4r»f 


PPO 








P0t> 


pets 




6 <9tfi>0t 




4.4££+0l 


3.ns+o» 




a. / sc *y i 




art v j. n< 


<9 SE*0O 


<7.Zg4-Uu 


_ « If <w 






Calcium 


<3,0E*03 




<4..4£+G3 


<j.9l+w 


<3.3C+03 






<2.0E-02 




< 2. 0b -02 


42.3E4)2 






TTtiniufrt 




<3.SE*03 








<D«+fc»VA9 




0 &7E+01 


5JZE*Qi 




1.916+01 






If Co 






< 1 .7 E£+w« 


<i0t+O* 




<2 42t02 




3,BZE«JQ 


■ iic^m 




V* tWGi+fA/ 




1 .031- 






1 


CO. 1 t+U 1 


<lilKfVI 










l.v*5+vi 




It+vM 


Aom+uu 


1 *3 " 6TV1 


7ft*. * 




4&14C+U1 




+*voc+v> 




1 tliAUk w >■ ■ 










1 MI?*At 
1 .4P4B*V1 


•til.7£«01 


cV6S*01 


Amnio 


< ■•ZB'Vi 




<8.7C*0< 


F.^Knll 








<4-Bb*0O 




4X7&+QQ 


^4 Tfl^iVI 


«*461W 






4,4flfi*CO 


3,965+00 


1.601+01 


l.llEfVI 


1 iVibtU ? 




Rt£idfuft, 


<7.1E+0O 






C7.QC+UI 


.rewi 






<\ EC +02 


<1.4§tOZ 


<1.OB+0S 






«« B**ut 




0 .56+02 














«1.1C+Q0 




-<1.4CT«/ 


a l ad a. on 




1 .MKT WW 




*1 of* 4. fin 








' <axc+co 


<2 9EtOD 




«'8.fiG+00 








<X2E+O0 


<OE»D0 




<4,lE+00 






<4v«e+oo 


<i4«+oo 




Th 


«1.flB+W 


*l,3E+0a 


<ti.0t+03 




. -<4^c+ca 




1.24£+00 


l.ttFt+CO 


1^8S+0Q 


4 0U+O0 


2,4>re+oi 


Z.43E+0C 


Gbt>um 




<3.2641 


<4JE<01 


<4 3C<1 


<j.4E-01 


-C8.2501 






<ZS£*01 




<Alfi+€1 




<Sj6E+91 




i.3ae-oi 


1.40M1 






9.44C-02 . 




C4rlLJ a n 


<1.2E+Q0 


< 1.2C+00 




<1,4Et€Q 


<2.06t00 


<1,7E+00 


Erbium 






<t.4£4ll 


<1.7&0I 


<2.2E-01 


<19£-01 






<t. 41431 




<£4£^1 


<2,35-01 




•4.8&09 














<1J9B-01 


<z4eoi 




<aaeoi 


O.9E-01 




<2.8£-Oi 


<2.4*01 








43.65-Ot 


<1.BE«01 


U4&01 






' 2_*7«-01 


3.ste-o\ 


<«.1M3 




«4.?E43 


<4,7EOa 


<ft.4f-0J 


4A5E43 




<1.1WI 










«1.7E*G2 








1.Q3E-0B 


2.42H-02 


4.922-02 


Thorium 




<r,i«i 






<1£G^00 


<1.2E*00 


ci.SE-01 






<24E-01 


<4.2£4)1 


<3.3€>01 












<a.ie^i 


<2.8B-01 



4S 
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10 



16 



SO 



?5 



30 



TABLC n 

LftieJiftbll ElimwttS Of Mfidlfta-PVDP Qrad* 
A«iulH bytCFOiS 



























o*n»rtf 


2050 


2800 


27£C 




POO 


PPO 








ppt> 


PPO 


Uiflium 


<0.S0 


<0.30 


40.30 


T&nunum 


40 £5 


<0 2Z 


<0.25 




40jO* 


40.06 


40.06 


Cfttium 


40.OT 


<a.oe 


*0.M 


Lintiunum 


40.03 


<0,03 


<0>05 


BarfyfTl 


40,08 


40.08 


<aoB 




4Q.20 


40 20 


40.20 


Cart urn 


40.04 


<*04 


<0.04 


Aluminum 


«0,i0 


OrlO 


40.10 




40.10 


<oio 


<a-<o 




40.10 


<0J0 


«Q.10 




<0.09 


<0.09 


<aos 




<o.n 


«0.T1 


40,11 


Simtflum 


400* 


<0.0d 


<o.o« 


Chromium 


*0,28 


40.28 




Eu return 


<ooa 


40.03 


-cO.03 


Mangintsft 


<O,09 


<o.oe 


<0.Cfi 


QatfoiinKim 


<0.05 


<a.o3 


<Q.0$ 


coppy 


<o.oa 


«o.o« 


40.06 


Tlffiiur 


40.10 


<0.i0 


<0.10 


Cobait 


40.10 


<0 10 


40.10 


Dytpfflaiun 


40.01 


ca.oi 


<oai 










1 Li* flllLflt 






-a 

TV 


zinc 




4O.03 


40.0s 


Crgiuffl 


<o.os 


<0-05 


<G.CS 


QAQium 


0,40 


0.40 






40.04 


<0,04 


<0.Q4 




40.03 


<aoa 


40,03 


Ytm^oiwtn 


<0.04 








«0 0i 


<ao3 


^aoa 




<0.0S 


<0.0B 


<0.05 


Rubidium 


<0.0l 


^aoi 


40,01 


Hflfnium 


<aio 


«o.io 


<0.10 




<0.1D 


<aio 


40. 10 


Tunaum 


<o.oa 


<0.OB 


40.08 


frrtum 


<0.03 


40,03 




TVmofttn 


40.02 


<0.O2 


<0.Q2 


Zirconium 


4O.11 




40.11 




40.10 


<0.10 


40.10 


S£oCiurn 


40.03 


<a.03 


<003 


irfdlvro 


<!0.02 


<0.OZ 


*0.02 


Moiybdtnum 


<0M 


40.02 


40X12 


^Vttinum 


4^13 


<0-13 


40. 1 3 


Ruintftium 


40,12 


50.12 


40,12 


Odd 


<0.03 


s0O5 


40.03 




<aio 


*0.10 


«0.10 


Mercury 


40.01 


<0-0l 


40,01 


3ilv«f 


*ooa 


40.03 


<Q.03 


ThalDum 


40.09 


<0.M 


40.oa 


C*dmitm 


«aoa 


<o,oa 


<o.od 


Lead 


<0l07 


<oor 


40.07 


indium 




4007 


<O,07 


ftiamiin 


40.10 


«0.15 


40,15 


TV) 








therh*n 


<0lO3 


4:0.0* 


40.03 


Antimony 


aid 


«0.0« 


<aoa 


Unrkim 






40.03 
















Calcium 


a.40 


1.00 


6.70 












a. bo 




0.20 











mmm w mvm^ At jo 4* nor w nim m i gvniniQQ m. 
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TABLE C 



10 



Truce Compound Analysts Anion Analysis by Ion 
Chromatography 




Modified PVOF Grades 




2850 Mb 


2800 ppb 


2750 ppb 


Fluoride 


21.70 


23.60 


31.20 


Chloride 1 


4,97 


4.64 


4.51 


Bromide 


D.13 


0.13 


0.13 


Nitrate 


5.79 


5*69 


6.3d 


Phosphate 


<0.05 


<0.0S 


«fl.05 


Sulfate 


10,80 


7.13 


6.15 


Lithium 


<0.05 


| 0.07 


<0.O5 


Sodium 


3.40 


2.12 




Arttrnonium 


4.19 


5.91 


9.46 


Potassium 


1.69 


0:51 


0.23 


Other Analyses 








Soluble silica 


<3.00 


<3.00 


<3.00 


Note: Water extraction si 80 'C for 24 hours of 1 gram in 
100 mL 



The Impurities ae shown in Tables A> B, and C can vary within plus or minus about 10%, and especially plus or 
minus about 5% ol the valuae ehown. These Impurity measurements are a too applicable to all poryvirtylldena polymers 
employed according to the invention. 
95 A porous film made by casting polyvinylidene from a mixture of solvents and norvaolvertts as deecrtoed by Benz- 
inger si al. in U.S. Patent 4,363.047. which ie about 10 mils thick after formation from the casting solution, te utilized for 
the manufacture of an electrochemical ceil. Trie polymer comprises a copolymer of pdyvinyiidene iluorlde and about 
12% haxafluoroprcpyleno and had a molecular weight of about 380 x 1 0 3 MW, Atochem Kynar© FLEX 2601. This film 
Is used In fabricating an abaorbef -separator or solid aleetrolyte by making a eolutlon of LiPF e In a 1 ;1 mixture by weight 
40 ol ethylene carbonate: propylene carbonate which la heated to about 1 25° C and the porous copolymer fHm Immersed In 
the solution until it is combined with the film. 

Similarly, a positive electrode te made from the same porous copolymer. A dispersion of UMngO^ 88 carbon black 
and UPF B In a 1:1 mixture of ethylene carbonate and propylene carbonate along wlthtetrahydrofuran (THF) was ccm- 
bingd with the porous f n m by soaking the fSm m the suspension which is agitated in a vibrating beaker in order to keep 
45 the solid material in suspension until adequately combined with the film. The film l« then placed on an aluminum foil. 

A negative electrode is prepared by making a dispersion or suspension of petroleum coke, SS carbon black and 
LiPFs in a 1:1 ethylene carbonate propylene carbonate solution In the same manner ae was done tor the preparation of 
the positive electrode and otter combining the suspension with the porous f nm, a capper foil was placed on the film. 

The proportions of the various conponents of the electrode end the absorber-separator or solid electrolyte are sub- 
so stantaily the same as those set forth In Examples 1 and a Gozdz et eJ., U.S. Patent No. 5.296,316. 

The electrodes and electrolyte can also be made from sintered polyvinylidene fluoride by forming a dry blend of the 
electrode or electrolyte materials with powdered polyvinylidene fluoride Dry mixing techniques, known In the art may 
be employed, such as tumbler type mixing. For example, the mixture of pcJyvirrytidene fluoride powder and the elec- 
trode or electrolyte materiaJa can bs subjected to tumbling or bai milling for a tJme to sufficiently ensure that ■ good mix- 
36 ture is obtained. A steel or other metal vessel, or ceramic vessel is employed , especially where either is lined wtth a 
polyvinylidene fluoride or PTFE layer, in the case c4 bail milling, steel or other metal, or ceramic grinding balls, also 
coated with a polyvinyl! dene fluoride or PTFE layer are used. The polyvinylidene fluoride or PTFE coating Is employed 
to substantially minimize or substantially eliminate the introduction of Impurities into the system- The milled mixtures are 
formed into electrodes and electrolytes by the application of haat and pressure as noted herein. 
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Sclventa ouch as ethyl ene carbonate and propylene carbonate, end their equivalent*, especially m noted herein, 
including mixturee thereof, which are employed in the electrode or electrolyte con be added afterwords by soaking the 
electrodes and electrolyte structures in each solvent!. The soaWng can be carried out lit room temperature of above to 
maximize the edvating effector these materials and to produce optimum ionic conductivity In the electrodes or eiectro- 

s lyta 

The positive electrode end the negative electrode thus prepared, ere then placed on opposite sides of the 
absorber -separator prepared as described above with the copper and aluminum surfaces lacing outwardly to term a cell 
as illustrated in Fig. 1 1n which copper film 14 Is shown as extending along one surface operatively associated with neg- 
ative electrode 1 B which le turn la also operatively associated with absorber-separator 1S combined wtththe electrolyte. 

io Aluminum tlm 22 is in contact with positive electrode 20 and the other face of absorber-separator 18, all of ths elements 
being operatively associated with one another. An envelope 12 of a polyvinyl Idsne fluoride homopolymer extends com- 
pletely around the cell. Envelope 12 maybea single film or a plurality of films e.fl.. two orthree films and extends around 
all eides and completely envelops cell 10. Copper and aluminum leads (not shown) are passed through envelope 10 to 
make electrical contact with fflme 14 and 22. respectively and are connected to a load (not ehown) to form an electric 

16 circuit 

The other electrolytes described herein for the rockJng^ohair cede may also be employed In lieu of the UPF 6 salt 
and LiNiO& or UCo0 2 materials substituted for the LiMn 2 0 4 materials in the foregoing example. Additionally, graphite 
rather than petroleum coka may be employed in the manufacture of the negative electrode although, petroleum coke is 
especially preferred. 

20 The porous polyvinyl idene fluortd a may also be employed in ceils having a lithium organic electrolyte where the pd* 
ymer is used either as a binder for particular electrode active materials, as a solid electrolyte for polymers cells, a 
porous mesh supporting a quasi-solid state gel electrolyte and as the cell base material. 

The porous polymers as described herein can also be used in lithium/oxyhallda eels as a bottom insulator. They 
may also be used in rinc bromide cells as a binder lor bipolar electrodes or In nickel-metal hydride cells as a binder tar 

s$ the hydride electrode or for the nickel eiectroda 

The porous polyvinytldene fluoride le also suitable for use In a sliver-zinc eel where the porous polyvlnyildene flu- 
oride is used as a binder tor the zinc electrode or In a lead-add cell as a spacer between the electrodes and as s porous 
separator. The porous poryvlnylidene fluoride may also be used In thermal batterlee for the cathode active materials. In 
addition to nickel-metal hydride cells, the porous poiyvinyiidene fluoride may also be us ad In other alkaline cells such 

30 as nickel-cadmium cells, and *lnc«eJr cells, especially where a buffered electrolyte Is employed to counteract the dehy- 
drohalogsnation effect of the alkaline medium of these eels* 

\\ will be apparent to those stilled in the an that modifications and variations can be made In the eteotrochemteal 
ceH of the present Invention without departing from the spirit or scope of the Invention. It is intended that these moctfi- 
cattons and variations and their equivalents are to be Included as part of this Invention, provided they come within the 

ss ecope of the appended datms. 

Claims 

1. An arttde of manufacture comprising an electrochemieaJ oefl having a positive electrode, an absorber-separator 
40 and a negative electrode wherein at least one of the electrodes or absorber-separator comprises a porous poryvl- 
nylidene fluoride, said porous polyvinylidene fluoride electrode having an electrode materia) combined therewith, 
said porous polyvinylidene fluoride absorber-separator having an electrolyte material combined therewith. 

2. Ths article of manufacture of claim 1 whsre said porous polyvinyl sne fluoride is a solvent cast polyvtnyiuena 1lu- 
46 oride, an open cell polyvinylidene fluoride foam or a sintsred pctfyvtnylidene fluoride powder. 

3. The article of manufacture of claim 1 where said porous pdyvinyidene fluoride Is a pdyvinyHdene fluoride 
homopolymer. 

sv 4. The article of manufacture of claim 1 where eeJd porous polyvlnyildene fluoride is a heterogeneous or homogene- 
ous copolymer of vtnylldeno fluoride and hexaftuoropropytone. 

5, The article of manufacture of claim 4 where said copolymer contains from about 7% to about 26% hexafluoropro- 
pylene, tetrefluoroethylene, or mixtures thereoi. 

65 

e\ The article of manufacture of claim 5 where said copolymer comprises a homogeneous copolymer of vtnylldene flu- 
oride and hexattuoropropyiene and said electrochemical cell comprises a rechargeable lithium intercalation battery. 
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7. The battery of claim 6 wherein said positive electrode comprises carbon L M M n0 4 where x Is i or 2, carbon UNJQ a 
or carbon UCoOg combined wfth sold porous polyvinyl Won* fluoride copolymer, 

8. The battery of claim 6 wherein raid absorber-separator comprises an electrolyte comprising a solution of at least 
6 ono lithium salt combined with said porous polyvinyl Wane fluoride copolymer. 

9. The battery of claim 6 wherein said lithium sari te UPP e , LiAsF^. UClO* UNCCFaSO^, UPF 4 > UCF36O3 or 
U6bF 8 . 

10 10. The battery of claim 6 wherein said negative electrode comprises carbon U combined with eaU porous poiyvinyli- 
dene fluoride copolymer. 

1 1 . The battery of claim 6 wherein saW positive electrode comprises carbon U x MnQ 4 where x le 1 or 2, combined with 
said porous polyvinylldene fluoride copolymer, said absorber-separator comprises an electrolyte comprising UPF 6 

19 combined with said porous polyvinylldene fluoride copolymer snd said negative electrode comprises carbon U 
combined with said porous polyvinyl ids ne fluoride copolymer. 

1 2. The battery as in one of oieime 1 , 6 or 1 1 enveloped in polyvlnylJdene fluoride, 
so 1 3L The battery of claim 1 2 enveloped In a plurality of polyufnylldena fluoride films. 

14. The battery of claim 12 envelopad In a polyvinylldene fluoride homopolymer. 
16. The battery of claim 1 3 enveloped in a polyvinylldene fluoride homopolymer. 

28 

16. The battery of claim 12 where said polyvinylldene fluoride homopcrymer is bonded to at least one of said electrodes 
or electrolyte. 

17. The article of manufacture as in one of claims 1 , 4 or 6 wherein said pdyvinyiidene fluoride le a high purity polymer. 

90 

18. The article of manufacture of claim 1 7 wherein said polyvinylldene fluoride Is produced by emulsion or suspension 
polymerization 

1 9. The article of manufacture of claim 1 7 wherein sold poryvinyfdene fluoride le produced by emulsion polymerization. 

36 

20. The article of manufacture as in one of claims 1, 4 or 6 wherein said polyvinylldene fluoride te cross-linked. 

21. The article of manufacture of claim 20 wherein said poryvinyTidene fluoride Is cross linked by irradiation. 

40 22. The article of manufacture as in one of claims 1, 4 or 6 wherein said polyvinylldene fluoride is alpha polyvtriyiidene 
fluoride. 

23. The article of manufacture of claims 1 , 4 or 6 wherein said polyvinylldene fluoride is beta polyvinylldene f luorida 

46 24. The article ol manufacture of daim 23 where said poJyvlnylidene fluoride Is alpha polyvlnytldane fluoride and is 
stress oriented to produce bate polyvlnylidene fluoride. 

25- The article of manufacture of claim 1 1 where eaid cell is enveloped in a polyvlnyUdene fluoride containing a high 
energy radiation attenuator. 

CO 

29. The article of manufacture of daim 25 where eald high energy radiation attenuator comprises boron tri-nitride or 
gadolinium salts. 

27. The article of manufacture as in one of claims 1 , 4 or B wherein said polyvinylldene fluoride Is a blend with an acrylic 
ss polymer. 

2B. The article of manufacture as in one of daims 1, 4 or 6 wherein said poJyvJnylidane fluoride Is a blend with from 
about 1% to about 1 0% by weight of an acrylic polymer. 
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